The aim of the study was to evaluate the prevalence of yeast Malassezia pachydermatis in dogs from Slovakia in relation to different predisposition factors (sex, age, body localisation, hair type, and season). Samples of ear swabs (58) and dermal swabs (131) from 147 dogs with clinical symptoms of suspected yeast dermatitis and/or otitis, were examined between June 2005 to June 2007. Relatively higher prevalence of M. pachydermatis was found in samples taken from males (45.2%) than in females (35.2%), and in geriatric dogs (63.6%) than in young (42.5%) or adult (38.5%) dogs. Malassezia pachydermatis was isolated more often from ear swabs (44.8%) than from skin swabs (38.9%). Prevalence of M. pachydermatis was significantly higher (p < 0.05) in samples from the trunk area (60.3%) than in samples from other skin areas. Significantly higher prevalence was found in samples from long-haired (51.5%) and short-haired (45.9%) dogs compared to smooth-haired (21.4%) dogs. The prevalence was relatively higher in the samples taken in autumn (52.6%), than the other seasons: spring (36.1%), summer (27.3%), winter (45.7%); those differences were not significant. Malassezia pachydermatis is one of the most frequent yeasts isolated in dogs. Knowledge of factors predisposing to development of infection is valuable attribute of the correct diagnostic approach and case management.
The aim of this study was to evaluate the prevalence of the yeast Malassezia pachydermatis in dogs and its correlation with some environmental factors (season) and some physiological factors.
Materials and Methods

Sampling procedures
One hundred eighty nine samples from 147 dogs were examined between June 2005 and June 2007. The swabs were taken from skin and/or external ear canal of dogs examined at the Small Animal Clinic of the University of Veterinary Medicine and Pharmacy in Košice, Slovak Republic. The criteria for including dogs into the study were inflammatory skin lesions (dermatitis), alopecia, seborrhoea (with accompanying specific sweetish odour) and/or otitis with the accumulation of dark brown thick cerumen inside the ear canal. Age, sex, breed and the presence of main clinical symptoms (pruritus, erythema, alopecia, hyper pigmentation, seborrhoea, sweetish odour and presence of dandruffs) of the animals were recorded.
The samples for cytological and mycological analysis were taken from skin with pathological lesions (131 samples) and from the external ear canal (58 samples). Each swab for cytology was rolled onto a clean glass slide and stained with Hemacolor (Merck, Darmstadt, Germany); stained slides were checked under microscope at × 40 magnification. At least 10 fields were examined. Samples with more than 5 yeasts on average per one field were considered positive.
Samples for mycological culture were taken with sterile swab and placed into transport media for yeast and fungi (Fungi-Quick -Dispolab, Žilina, Slovak Republic). Swabs were processed immediately (< 2 h after sampling), when not possible (late evening time of sampling) they were stored in refrigerator (4 °C) and processed within 18 h, otherwise the sample was excluded of the study.
Mycological diagnostic procedures
The following cultivation media were used: Sabouraud's dextrose agar with chloramphenicol (HiMedia Laboratories, Mumbai, India) and modified Dixon's agar (30 g malt extract, 15 g agar, 3 g peptone, 20 g desiccated ox-bile, 10 ml Tween 40, 2 ml glycerol, 400 mg cycloheximid, 50 mg chloramphenicol), prepared according to Senczek et al. (1999) .
Inoculated Petri dishes were incubated at 37 or 32 °C for up to 5 days and monitored daily. Identification of the species Malassezia pachydermatis was based on macroscopic and microscopic appearance of colonies and its ability to grow on the medium with no lipid supplementation.
Sample with a growth of more than 5 CFU (colony-forming units) per plate was considered positive. The results of mycological cultivation were compared with the cytological evaluation of each sample. The person evaluating the result of mycological cultivation was not aware of the results of cytological evaluation of the particular sample.
Evaluated factors of predisposition
The influence of different possible predisposing factors on prevalence of Malassezia pachydermatis was evaluated.
The chosen indicators were: sex (male, female), age of the animal (adolescent < 2 years, adults 2-9 years, and geriatric >9 years), breed according to hair type (long-haired breeds, short-haired breeds, smooth-haired and rough-haired breeds) and season when the animal was presented, i.e. spring (April-June), summer, (JulySeptember), autumn (October-December) and winter (January-March). The following breeds were ranked as long-haired: German Keeshond, Golden Retriever, English Cocker Spaniel, American Cocker Spaniel, Yorkshire Terrier, long-haired Dachshund, Newfoundland dog, West Highland White Terrier. Breeds ranked as short-haired were: German Shepherd, Giant Schnauzer, Labrador Retriever, Poodle, Bohemian Wire-Haired Pointing Griffon, Cavalier King Charles Spaniel, English Springer Spaniel. Breeds ranked as smooth haired were: Shar-pei, French Bulldog, Whippet, Boxer, Chihuahua, Mops. There were no samples collected from rough haired dogs.
Skin surface was (for sampling and evaluation purposes) divided into several anatomical areas: head, interdigital area, axillar, inguinal and trunk area. Samples of the lesions occurring on the side, flank and back of the animals were ranked as the trunk area.
Breeds of dogs presented with otitis were divided according to the shape of the pinna into two groups. Breeds with erected and semi-erected pinna (ear shell) were German Shepherd, Chihuahua, Keeshond, Shar-pei, Mops, Giant Schnauzer. Breeds with pendulous pinna (ear shell), to which group animals with problematic curving of the ear canal and/or with narrow ear canal were also included (English and American Cocker Spaniel, Poodle, Whippet, Newfoundland dog, French bulldog, West Highland White Terrier, Golden Retriever, Labrador Retriever).
Fisher's exact test (StatSoft, U.K.) and Chi-square test (GraphPadPrism) were used for the analysis of association of variables. A probability value of p < 0.05 was considered significant.
Prevalence of M. pachydermatis was evaluated in relation to several indicators such as sex, age, location of skin lesions, type of pinna (pendulous versus erected ears), type of haircoat (long versus short versus smooth) and the season of the year. All of those variables were evaluated separately for each year of the study and then in summary (for all years together). Table 1 shows the prevalence of Malassezia pachydermatis in relation to evaluated predisposing factors during the period from June 2005 till June 2007. The prevalence of M. pachydermatis was higher in samples from males (45.2%) compared to females (35.2%), but the difference was not significant. Age and season did not show a significant influence on the prevalence of M. pachydermatis, although positive isolates were found more frequently in animals of geriatric age (63.6%) than in the groups of younger animals (adolescent -42.5%, adult -38.5%) and also the prevalence was higher during autumn (52.6%) compared to other seasons (spring -36.1%, summer -27.3%, winter -45.7%).
Results
The prevalence of M. pachydermatis was highest in samples from the trunk area (60.3%). Difference between the influence of this variable and the other body areas on the prevalence of yeast was significant (p < 0.05).
Concerning the samples of ear swabs, higher prevalence of yeast was found in dogs with pendulous ears (51.4%) compared to 34.8% in breeds with erected ears, but the difference was not significant. Considering the type of haircoat, the prevalence of M. pachydermatis was significantly higher in both long-haired and short-haired dogs (51.5% and 45.9% respectively), than in smooth haired dogs (21.4%). Comparison of the results of cytological examination with mycological cultivation showed that all samples classified "positive" by cytological examination (26 of ear swabs and 46 skin swabs) were proven positive also by mycological culture. In case of the ear swabs there was no difference between cytological and mycological identification, whereas some of the mycologically positive skin samples failed to be detected by cytological examination, e.g. 5 out of 51 (9.8%) culture positive skin swabs were cytologically classified as "negative".
Clinical signs accompanying M. pachydermatis infection in 51 dogs were: seborrhoea (54.9%), alopecia (49.0%), pruritus (41.2%), sweet odour (33.3%), erythema (27.5%) and hyperpigmentation (5.9%).
Discussion
Factors associated with proliferation of M. pachydermatis and its transformation from commensal to pathogenic microorganism are poorly understood, however, most likely they reflect the disturbances of physical, chemical or immunological mechanisms limiting microbiological colonisation of skin (Morris 1999; Matousek et al. 2003; Cafarchia et al. 2005) . Season of the year and related differences in temperature and humidity are affecting the development of Malassezia infection.
Sex, breed and age of the animal are considered important physiological factors of predisposition to infection.
In terms of sex there were no significant differences in prevalence of Malassezia dermatitis (Nardoni et al. 2004 ). However, some authors reported higher predisposition of male dogs to otitis associated with Malassezia infection compared to female dogs (Chaudhary and Mirakhur 2002) . The results of our study show generally higher prevalence of M. pachydermatis in male dogs (45.2%) than in females (35.2%). This fact could be explained by the assumption that androgens cause higher production of sebum, which is one of the predisposing factors for development of latent infection.
While Plant et al. (1992) found no correlation between Malassezia dermatitis and the age of animals, Jeong et al. (2005) recorded high (63%) prevalence in dogs 1-3 years old. Kiss et al. (1997) reported high (63%) prevalence of Malassezia yeasts in otitis of animals 2-5 years old. Contrarily, according to our study the risk group seems to be the group of geriatric animals, with 63.3% prevalence of Malassezia infection.
Many studies confirm natural presence of Malassezia in dogs with apparently healthy skin (Cafarchia et al. 2005; Nardoni et al. 2007) . In quantitative studies, Malassezia were isolated from at least one place in 18 out of 19 dogs (95%) in healthy animals. According to the same study the area of chin was colonised by the highest number of yeasts, and the axillar area by the lowest number (Kennis et al. 1996) . Similarly, in our study, in dogs with skin lesions the prevalence of Malassezia yeast was relatively low in the axilar area (17.6%). Cafarchia et al. (2005) reported 100% prevalence of yeast in dogs with skin lesions in the inguinal and interdigital areas; the yeasts were isolated from all dogs with lesions. In our study the prevalence of pathogen in inguinal and interdigital area was much lower (5.9% and 28.6%, respectively); we found the highest prevalence of Malassezia organisms (60.3%) on different areas of trunk surface (sides, back).
Prevalence of Malassezia yeasts in dogs with clinical signs of otitis in this study was relatively low (44.8%), considering that similar prevalence (40%) was found in samples taken from dogs with apparently normal ear canal (Hajsik et al. 1985) . In dogs with otitis, slightly higher prevalence (57.1%) was reported by Cafarchia et al. (2005) , whereas in the above mentioned study of Hajsik et al. (1985) , the pathogen was isolated in 72% of animals with otitis. Long and narrow canal, pendulous ears and increased production of sebum in the canal of some breeds (spaniels) are considered to be important predisposing factors for infection (Carloti 1991; Masuda et al. 2000) . We have found increased prevalence of M. pachydermatis in the group of dogs with pendulous ears, but the difference was not significant.
Prevalence of M. pachydermatis varies among the breeds. There are studies showing high sensitivity of certain breeds, like Basset Hound, Dachshund, Cocker Spaniel, West Highland White Terrier, Poodle and Australian Silky Terrier (Plant et al. 1992; Bond et al. 1996) , in other studies, on contrary, majority of dogs with positive isolates were crossbreeds (Cafarchia et al. 2005) . For the purpose of evaluation of the results of this study, the dog breeds were divided into groups according to hair type. Significantly higher prevalence was found in longhaired and short-haired breeds as compared to smooth haired dogs.
There are many clinical manifestations of Malassezia dermatitis. In this study, dermatitis caused by M. pachydermatis was usually manifested in the area of back and sides as seborrhoeic, alopetic lesions with severe pruritus and sweetish odour. Similar symptoms were described by many other authors (Charach 1997; Jeong et al. 2005) .
Comparing the diagnostic value of cytological examination with mycological cultivation the specificity of cytological examination in our study was very high (100%), with very good sensitivity (90.2%), whereas Cafarchia et al. (2005) despite high specificity reports poor sensitivity of cytological examination. Those results suggest that the cut off point considered in our study (5 yeast per × 40 magnification field compared to 10 yeast per field as used by Cafarchia et al. (2005) may be more effective in detecting suspected clinically significant infection, while still obtaining excellent specificity. The limitation of this statement may be the relatively low number of samples examined, although similar criteria for cytological evaluation where described elsewhere (Medleau and Hnilica 2001) .
M. pachydermatis is the most frequent yeast isolated in dogs. Knowledge of factors predisposing to the development of infection may be a valuable attribute of an appropriate diagnostic approach. We may expect higher prevalence of Malassezia infection in male, older dogs with long hair, at the trunk area, particularly during the season with increased air humidity.
